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The developments achieved in the field of location allocation models have not been
outstandingly successful in use by decision makers in this regard. The obstacles that hinder
a more widespread exploitation of mathematical results are twofold: the intrinsic difficulties
of the relevant problems and the tradeoff to be balanced between the different objectives.
Facility location site selection is a multi-objective decision problem. It has a mix of
quantitative and qualitative objectives where in many cases decision-makers may prefer
certain locations than others. The purpose of this work is to develop a practical fuzzy based
multi-objective decision model that incorporates partiality information. It can be used in
ranking candidate site for different facility location sites and hence enhance the process of
site selection. The model applicability is demonstrated through utilizing a comprehensive

hypothetical numerical example.
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1. Introduction

The concept of appropriate facility site
selection ranks among the crucial decisions to
be made by a wide range of private and public
firms. This is due to the fact that the location
decision is of strategic and long-term
significance in that, once a commitment has
been made in this respect, the choice is
generally viewed as definitive and irreversible.
For a majority of enterprises, facility location
selection is an exceptional and unique event
in which they lack experience and for which
there are no well defined criteria to relay on
[1]. Consequently, companies often depend on
intuition and heuristic rules of thumb in
selecting appropriate location.
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Facility location selection decision models
are closely related to location theory. The
analysis of site location is surprisingly old.
Most of the initial work was performed in
Germany. In 1826, Johann H. von Thunen
examined the optimal location for agricultural
crops with respect to an industrialized city.
The study of location theory formally began in
1909 when Alfred Weber considered how to
position a single warehouse so as to minimize
the total distance between it and several
customers  [2]. Following  this initial
investigation, location theory was driven by a
few applications which inspired researchers
from a range of fields.

Since the mid-1960s, the study of location
theory has flourished. The most basic facility
location problem formulations can be

393



M.G. Abou-Ali / Facility location selection

characterized as both static and deterministic
[3]. These problems take constant, known
quantities as inputs and derive a single
solution to be implemented at one point in
time. The solution is chosen according to one
of many possible criteria (or objectives), as
selected by the decision maker. A number of
researchers, particularly those working with
applied problems, have examined multi-
objective extensions of these basic models [4].

Finding robust facility locations is thus a
difficult task, demanding that decision-makers
account for wuncertain future events. The
complexity of this problem has limited much
of the facility location literature to simplified
static and deterministic models. Although few
researchers initiated the study of stochastic
and dynamic aspects of facility location many
years ago, most of the research dedicated to
these issues has been published in recent
years [5]. Dynamic formulations focus on the
difficult timing issues involved in locating a
facility (or facilities) over an extended horizon
[6-8], where, stochastic formulations attempt
to capture the uncertainty in problem input
parameters such as forecast demand or
distance values [9].

The objective of this paper, therefore, is to
present a fuzzy multi-objective decision model
capable of handling the facility location site
selection problem. It also shows how
preference  information  affects location
allocation decision.

2. Facility location selection

Facility location has a well-developed
theoretical background where, generally,
optimizing methodologies were dominating
[10,11]. Many methodologies have been
utilized to solve the location-allocation
problem including fundamental transportation
assignment, and the linear programming
formulation [12]. Integer and mixed integer
formulations have been applied by many
researchers [13].

Geoffrion’s work [14], included
decomposition, mixed integer linear
programming, simulation and heuristics as
solution paradigms that could be used in
analyzing location problems. He noted that a
suitable methodology for supporting

managerial decision making for location
problems should be computationally efficient,
leading to optimal solution, and capable of
further testing.

Other methodologies that have been
employed include dynamic programming [15],
multivariate statistics such as
multidimensional scaling [16] and heuristic
and search procedures [17,18,19]. Bowen [20],
for example, used Monte-Carlo simulation and
subjective evaluations to compare the Analytic
Hierarchy Process (AHP) and probabilistic
multidimensional scaling (PROSCAL) in the
context of selecting the nuclear waste site.

Lee [21] considered the unreliability of
facilities. He proposed efficient solution
methods to determine locations for these
facilities in the wunreliable location model.
While, Marsh and Schilling [22] addressed the
equity measurement issue in facility location
analysis, and introduced a framework and
common notation for organizing them.

Although  the  simulated annealing
paradigm inspired many for approximately
solving combinatorial optimization problems,
Righini [23] introduced a double-annealing
algorithm, for the first time, for the application
of annealing-based algorithms to discrete
location/allocation  problems, with two
mutually dependent sets of binary variables.

Lee et al. [24] presented work on multiple
criteria model for location allocation problem.
Many years later, Maniezzo, et al. [25], applied
multicriteria decision analysis for the best
siting of plants, minimizing costs and
environmental impacts, to the problem of

locating installations for industrial waste
management.
In many facility location problems,

objectives such as cost minimization may not
be the most important factor [1]. Qualitative
objectives are crucial but often cumbersome
and usually treated as part of management
responsibility in analyzing results rather than
quantified and included in a model
formulation of the location-allocation problem
(24, 26].

Although the above mentioned models
utilized many mathematical models and
techniques, they lack the consideration of:
first, the evaluation of fuzzy information,
second the partiality criteria (information) of
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certain locations. Thus, the main objective of
this work is to develop a practical fuzzy based
multi-objective decision model that incorp-
orates partiality (preference) information.
Hence, it will provide managers with a more
effective and efficient model for making facility
location site selection decisions.

3. Fuzzy set theory as decision-making tool

Application of fuzzy sets within the field of
decision making has, for the most part,
consisted of extensions or “fuzzifications” of
the classical theories of decision making.
While decision making under conditions of
risk and uncertainty has been modeled by
probabilistic decision theories and game
theories, fuzzy decision theories attempt to
deal with the vagueness or fuzziness inherent
in subjective or imprecise determinations of
preferences, constraints, and goals [27-30].

The process of assigning membership
functions to fuzzy variables is either intuitive
or based on some algorithmic or logical
operations [31]. Intuition is simply derived
from the capacity of experts to develop
membership functions through their own
intelligence and judgment.

The mathematical techniques for dealing
with fuzziness are simpler in many ways than
those of probability theory since in fuzzy set
theory the simpler notion of membership
function corresponds to the notion of
probability measure in probability theory [32].
Nevertheless, one should note that since fuzzy
models yield only best and worst case analysis
and do not assume that errors compensate,
there exists a trade-off between loss in
precision and ease in computation [28].

The fuzzy set theory appears as an
important tool to provide a multi-objective
decision framework that incorporates the
vagueness and imprecision inherent in the
justification and selection of facility location.
Using linguistic variables or fuzzy numbers is
an effective way to express objectives
including availability of labor, transportation

facilities, utilities which can neither be
assessed by crisp values nor random
processes.

4. Establishing of multi-objective decision
model

4.1. Objective evaluation matrix

As stated earlier, the facility location
selection problem is a multi-objective decision
problem. Thus, the suggested model in this
paper consists of n objectives, objective set
B= {BI,BQ,...,Bn} , and alternative set
(locations) 8 ={S;,S3,...,S}, from which an
optimum location will be selected. One
alternative facility location site S; (i =1,2,...,m)
will be the candidate facility location site that
fulfills the predefined objectives. Each
alternative facility location site Si has an
evaluation value a; (or fuzzy language
description) under objective Bj(j=12,...,n),

then the decision problem will be the choice of
an optimum alternative from S;,S;,...,S.

The general model, objective evaluation

matrix, can be represented as shown in
eq. (1);
B, - ,Bj
Sy lai, - @i
S=: : : ‘_‘(aij)mxn- (1)
Sm [@m1 »qmn

The process of selection an optimum
location, involves mainly two types of
objectives. The first type, is the objectives
which can be evaluated quantitatively, such
as labor or transportation costs. While the
other type of objectives such as labor or
transportation availability, can be evaluated
qualitatively by using ‘high’, ‘low’. For the
qualitative type objectives a fuzzy membership
degree will be used to convert them into
quantitative (fuzzification) value, as described
later in section 4.1.2.

In the general model shown in eq. (1) the
objective  may be quantitative and/or
qualitative. In order to be able to deal with
these two aspects, a normalization
(conversion) process takes  place, as
demonstrated in the following sections.
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4.1.1. Quantitative objective evaluation
Quantitative objectives can be categorized

either as benefit or cost, fixed or interval. A set

of O= {01,02,03,04} will be considered to

represent the four types of quantitative
objectives. The 0;,0,,03,04 represent the

objectives as fixed benefit, fixed cost, and
interval benefit, and interval cost, respectively.
In order to normalize their evaluation value let
aj (i=12,...,m; j=12,...,n) and the following

conversion is carried out;

For the fixed benefit (O1);

a.,_a . . v
5 * e S je 0y, (2)
8max j ~ @min j

where,

8max j =121iz-r’:l{aij}:jeol-

For the fixed cost (O2);
¥ G a .e
S ... . je Oy, (3)

! g S
Qmax j ~ @min j

where,

i = max j@iipje Oy,
Sune ] 1s15m{a“}’J 4
For the interval benefit (Os);

*
l,aij = aj

_layj -aj| j€ 03, (4)

a} Given fixed value (optimum value) of

objective j

For the interval cost (O4);

( 1
d'_ai' 1
1—“;'—8.—'] alj<dj
j
I =4 1a--eb1 d?] jeO4, (5
) RS B ’
2
aj ~dj
_1_____1.1 J aij>d?
5

where:
d} is the Lower limited value of interval of

objective j,

d? is the Upper limited value of interval of
objective j, and

8; = max } ~ 8min j> @max j —d?},je O4.

4.1.2. Qualitative objective evaluation

Qualitative objective can only be evaluated
using linguistic variable (fuzzy language) such
as ‘high’, ‘medium’, low’. An efficient way to
deal with this data is the fuzzy set theory, as
explained in section 3. Membership functions
are used to convert evaluation language into
quantitative value, see fig. 1. For that purpose,
three scales of evaluation were selected: 1,
0.5, 0.25 which denotes “high” or “good”,
“medium” or “adequate” and “low” or “poor”,
respectively.

K A Low
I

Medium High

025 0.50 1

Fig. 1. Membership function.

4.1.3. Normalized evaluation matrix

By integrating the two conditions of
quantitative and qualitative evaluating, the
standardized (normalized) comprehensive
evaluating matrix can be deduced as shown in

eq (6);
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Sty o 0N
R= : =(rij)mxn’ (6)

»Imn

where 0 <r; <1.

4.2. Evaluation of facility location site
alternatives

4.2.1. Schemes of partiality (preference)
information

In practice, there are many occasions
where decision-makers have their preference
towards certain alternatives. And in order to

make the fuzzy model a practical tool,
preferences should be taken into
consideration.

Suppose that two facility location sites S;
and Sy, the partiality (preference) of one over

the other is denoted by m;, and the
preference information evaluation method is

conducted as follows:
1) If location S; has identical preference as

Sk , then njx =Nk = 4.

2) If location S; has slight preference than
Si , then njx =4+ 1, Nk =4-1,.

3) If location S; has evident preference than
S,,then njx =4 +2,nK =4-2.

4) If location S; has much more preference
than Sy, then njx =4+ 3N =4 -3.

5) If location S; has extreme preference than

Sk, then ny =4+ My =4 -4
m 13

Let’ tl = ank’(l = 1,2,"',1’1’1). (7)
k

Then, for every S;, partiality degree p; can be
calculated, as shown in eq. (8).

m

pi=ti/ 2tk (8)

4.2.2. Ranking score for facility location site
alternatives

From the normalized evaluating matrix eq
(6), each facility location site can be evaluated
and a ranking score can be calculated. Next
are the procedures to be followed to calculate
the ranking score:

Let, ri = max{r;}, ri = min {r;}and
| R e

+ + o+ — e i
St =(q,13,,14), S =(q,15,,1,).

Then, the distance of each facility location

site alternative to S'and S can be
determined as follows, egs. (9) and (10);

n

df =d(S;, SN (win - wird P12 =1,2,,m),
j=1

9)

n
df = d(8;, 87X (wjrg - wiry ’1/ 2 =12, m),
j=1
(10)
where w;j is the weight of objective j, for

which,

Wj=1.
1

T Me

To calculate the ranking score A; for each
facility location site;

Let, d* = min{dj}, d~ = max{d;} for each
1<i<m 1<i<m

objective (B), and

C;=df/d* -d;7/d". (11)
From egs. (8) and (11);

Ai = Cil - p;) (i=12,---,m). (12)

Then, A;(i=12,...,m)can be arranged in the

ascending order, the facility location site
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which has is the optimum

allocation site.

Ax = min{A}

5. Model application - an illustrative
example

In this section, the applicability of the
fuzzy multi-objective decision-making
procedure as presented in Section 4, is
demonstrated through the following
illustrative numerical example. In this
example, four hypothetical facility locations
are considered.

1. Objective construction: Numerous objectives
can be considered as important criteria for the
facility location site selection. These objectives
can have either a quantitative or qualitative
nature. Since the main objective of the
hypothetical-data example is to validate the
suggested model, a single level hierarchy of
location objectives including 15 objectives,
was constructed, see fig 2.

2. Objective evaluating matrix: Establishing a
category of facility location objectives is not

generally regarded as a difficult task. Location
objectives can be classified as benefit or cost,
fixed or interval. For simplicity, objectives are
classified only as either fixed benefit or fixed
cost.

Besides the issue of categorization, the

related, and much more important is the
problem of objective quantifiability (evaluation
value). Objective quantifiability, for each
facility location site requires knowledge and
awareness of facility location site
characteristics. Table 1 shows the designated
evaluation value/level for the objectives of
each facility location site.
3. Objective weight allocation: There are many
methods to determine the weight of each
objective in a multi-objective model, such as
Delphi method, AHP method, subjective and
objective comprehensive method, entropy
method, etc. In this work, Delphi method was
used to determine an overall weight of each
objective. Table 1 shows the allocated weight
of each objective.

Facility site location

——
—_—

Cost of labor

Market proximity

Cost of transportation

Closeness to raw materials

Availability of skilled labor

Cost of land and construction

Availability of transportation facilities

Availability of supplies (other than raw materials)

Suitable area and site
Environmental cost

Future growth rate

Auvailability of utilities
Average cost of utilities

Community related factors

Government attitudes and tax structure

Fig. 2. Hierarchy of location objectives.
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Table 1

Evaluation value/level of objectives for facility location sites as well as its overall comprehensive weight

Facility location site Weight

St ) Site (S1) Site (S2) Site (S3) Site (S4)
Market proximity (km) * 0.11 220 170 30 110
Closeness to raw materials (km) * 0.11 8 45 165 5
Availability of supplies (other than raw materials) * 0.09 Medium Medium High Low
Availability of skilled labor level * 0.05 Good Adequate Adequate Poor
Cost of labor ($/hr) * 0.09 0.80 0.85 0.90 0.75
Availability of transportation facilities level * 0.07 Good Adequate Adequate Poor
Cost of transportation ($/day/person) * 0.07 0.25 1.00 0.75 0.75
Cost of land and construction ($/m?) * 0.10 500 250 250 180
Suitable area and site percent * 0.03 60% 90% 85% 75%
Future growth rate * 0.02 Low High High Medium
Availability of utilities level * 0.06 Adequate Adequate Adequate Poor
Average cost of utilities ($/unit production) * 0.07 0.25 0.18 0.18 0.15
Government attitudes and tax structure level * 0.03 Medium Low Low Low
Community related factors level * 0.03 Good Adequate Adequate Poor
Environmental cost ($/year/unit product)* 0.07 18 12 12 8

* Fixed benefit * Fixed cost

4. Preference information: Preference
information is an essential component of the
suggested model. A preference matrix includes
the decision-makers’ preferences for the
different facility location sites is constructed
as follows:

= N O »
AN DN
N A OO
A ON

By applying egs. (7) and (8), then the
partiality degree for the different facility
location sites are:

p; =0.296 , pp =0.281, p3 =0.218,
pa =0.203

5. Optimum location decision: From table 1,
and applying egs. (2-5) and the fuzzy number
quantity conversion model as shown in section

Alexandria Engineering Journal. Vol. 41, No. 3, May 2002

4.1.2, the normalized evaluation matrix

objectives is as follows;

0
0.98
0.50

0.67

0.25
0.50

0.50
1
10

From the

0.26 1
0.75 0
0.50 1
0.50 0.50
0.33 0
0.50 0.50
0 0.33
0.78 0.78
1 0.83
1 1
0.50 0.50
0.70 0.70
1 1
0.50 0.50
0.6 0.6
evaluation

0.57

0.25
0.25

0.25
0.33

0.50
0.50
0.25
1
1
0.25
1

of

matrix previously
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mentioned the values of S*and S~ can be
detremined as follows;

S =LLLELLLLLLL LT LY,

s~ =(0,0,0.25,0.25,0,0.25,0,0,0,0.25,
0.25, 0, 0.50, 0.25, 0).

The distance of each facility location site
alternative can be determined by applying eqgs.
(9), and (10), see tables 2 and 3.

Table 2
Distance of facility location site alternative to S*

+ + + +
dl d2 d3 dy
0.1925 0.1504 0.1640 0.1265

Table 3
Distance of facility location site alternative to S-

di d; d3 dz
0.1599 0.1461 0.1710 0.2111

From tables 2 and 3, and by applying eq.
(11), the values C; (ranking score without

partiality criteria) of each location are as
follows:

C, =0.764, C3 =0.497, C3 =0.482, C4 =0.

The ranking score A; for each facility

location site is calculated by applying equation
(12), as shown in table 4.

Table 4
Ranking score A; for each facility location site

W Ao A3 ha
0.5379 0.3573 0.3769 O

From table 4, the order of priority of
facility location sites can be concluded as
follows: S4 (first priority — minimum ranking

score A;), Sy (second priority), Sz (third
priority) and S; (fourth priority), i.e. location
S4is the optimum location.

This example demonstrates the practicality
of the suggested fuzzy multi-objective model.
The model is capable to host more facility
location sites, as well as more objectives.
Moreover, it facilities reaching decisions
swiftly and at a reasonable quality. However,
it is worth noting that the benefit obtained due
to the ease in computation in applying fuzzy
decision models may be balanced by a
possible loss in precision since fuzzy models
provide only best and worst case analysis and
do not assume that error compensate.

6. Conclusions

The principal advantage of the fuzzy multi-
objective with partiality criteria used in this
study is that it provides decision maker with
consistent ranking of location alternatives.
Hence, consequently they obtain a final
ranking for the facility location selection
alternatives by taking into account not only
the economic criterion, but also the key
strategic justification criteria by utilizing
linguistic variables.

The decision model presented in this paper
can be easily computerized, and allows for
assessment of facility location selection taking
into consideration excessive criteria set and a
large number of alternatives. Further more,
the what-if analysis can be performed and
generate different scenarios. Combining the
model with other decision tools such as AHP
will make it possible for decision makers
determine the values of weight of each
objective systematically.
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